FORCED MERGING IN TRAFFIC
The situation In which a vehicle on a secondary road at an uncontrolled Intersection must valt for a large-enough gap In the mejor road traffic stream before entering has been extensively analyzed in the literature (See, for example, [6] , [7] , [11] ).
The purpose of this paper Is to examine the effects of a forced merge or entry into the main stream. Attention will be focused on the resulting "compression" of the main stream as the entry disturbance propagates, rather than on the transient mechanism of the merge. A rule for deciding how small a headway should be forced Is given, based on maximizing the efflux rate fron the side road. Finally, some implications about necessary driver behavior will be given, and two simple measure» of accident potential are discussed. Instead, we shall concentrate on the nature of the interaction between the arriving vehicles and those which have slowed down, and examine the behavior of this interaction as a function of the o. (i = 0, 1,,..).
The Model

Consider
The a. (l = 1, 2,...) may be thought of as "Jam" headways, or minimal time spacings which the drivers would choose ir such a maneuver.
We shall make the assumption that theoe compressed headways are independent samples from the same d. f. , B(t) (t ^ 0). The spacing generated by the merged vehicle, a n , could possibly be obtained from the geometry of the Intersection, and the acceleration characteristics of the vehicle; we shall assume that it is a random variable The reason for the latter definition will become apparent in the next section.
Busy Period Analogy
Upon examination, the problem Just posed can also be thought of as a queueing problem. The headways, T. , are Just the interarrival spacings of customers approaching a service facility: 8 n = a n + a, is the service time of the 0 (or the merged) arrival, and s= 0-, st nd s 0 = a,,..., s = a ...... are the service times of the 1 .2 .... we shall sketch in their results, as well as developing some additional formulae needed when selecting a headway to be forced.
In the case where B(t) is a constant (Poisson traffic), the merging problem is also analogous to a problem of "overflows" at a [5] signalized intersection x . Formulae for this case were first developed by Borel .
Poisson Traffic
The assumption of Poisson mainstream traffic, (A(t) = l-e*p(-Xt), t ^ 0), allows us to treat the input in any interval of time as n homogeneous process.
-h-
First, assume that all of the customers have the same service-
B(t), and define G(t) = Pr (T 1 t | D(t) -B(t))
. Supth pose exactly J additional customer" arrive during the 0 service interval; i.e., Z^T, < s^ , and 2^"^ T^ > s. , If the queue discipline is rearranged to be UTO, instead cf FIFO, the last of the new arrivals will generate his own "descendants" during his service time, who must be served before the other "first generation" arrivals;
this will alter the individual waiting times, but can not affect the distribution of the total additional busy period, which must be the J-fold convolution of G(t), denoted by 0° (t) . th But, if the 0 service time were of length y , then the probability of j additional first generation arrivals would be fie Poisson probability, (>yy) expC-XyVj.' Since the total busy period is the sum of y and the total additional period described above, we must have and of course (7) holds in the traffic problem.
It is important to note that in this model T may be large enough so that no mainstream vehicles are delayed.
A Condition for Stability
It is a veil known result that for the solution of (5) to give an honest distribution for G(t), that as s approaches zero, the smallest root of x = b(^-^x; must be unity; one can easily show that this means that TvV^ < 1 . This is not surprising, since this is Just the utilization ratio of importance in queueing theory. Thus,
(1) If >V_ > 1 , with probability 1 -x > 0 , the merging disturbance period will never terminate.
(2) If >V_ = 1 , the disturbance period will terminate with probability one, but from (12) and (13), it will have infinite mean length.
(3) If M'-n < 1 , the disturbance period has finite mean length.
More simply stated, our model of driver behavior requires that, when a forced entry is made, the delayed cars must "compress," on the average, in order for the disturbance to eventually die out. 
D(t) .
We require that: (1) a n + a. > T , so that all merges will be forceu, and (2) This additional wait is Just the problem of "waiting for a gap" which has been previously analyzed in great detail [6] , (7] , [11] .
The mean wait in Poisson traffic for a gap greater than T is:
Thus the total mean spacing L(T) between successive forced merges is:
Since the instants of merging constitute an imbedded renewal process, the mean rate of merging, 0 (T) , is Just L(T) . For small T the length of the disturbance interval keeps the merge rate low, and for large T the wait for a gap dominates.
An optimal choice of T can be found by calculus to be: Under either assumption, the probability of at least one collision is:
The reader may easily modify the distribution if it is known that a headway of exactly T. units was forced (instead of only knowing it was > T) .
Y. Extensions
The formulas developed for optimal choice of a minimal headway do not, of course, take the delays in the main stream into account.
This delay is just the usual waiting time in the system (queue + service) of the queueing model; by finding the average wait of those who wait 
